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(57) ABSTRACT 

A system and method for providing one hardWare platform 
to implement multiple Wireless communication standards, 
services and applications. The kernel oriented macro based 
softWare de?ned radio (SDR) architecture provides a con 
?gurable and programmable hardWare platform to imple 
ment multiple Wireless communication standards, services 
and applications. 
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SOFTWARE DEFINED RADIO (SDR) 
ARCHITECTURE FOR WIRELESS DIGITAL 

COMMUNICATION SYSTEMS 

REFERENCE TO RELATED APPLICATIONS 

[0001] The present application claims priority from US. 
Provisional Application No. 60/317,976. 

BACKGROUND OF THE INVENTION 

[0002] A. Field of the Invention 

[0003] The present invention relates to the ?eld of Wireless 
digital communication and, more particularly, to a softWare 
de?ned radio system that uses a multi-layered architecture to 
implement multiple standards, services and applications. 

[0004] B. Description of the Prior Art 

[0005] In general, frequency bandWidth is an expensive 
resource and many countries vieW it as common property. 
Because the usages of released frequency bands for different 
services in different regions are different, it is dif?cult to 
reuse the same equipment to communicate With equipment 
in other regions. Typically, Wireless digital communication 
standards are implemented on different hardWare platforms. 
For example, except for a dual-mode Global System for 
Mobile Communications (GSM) handset, a 900 MHZ GSM 
handset can not be used in the region of 1800 MHZ GSM. 
It is inef?cient for users to travel among different regions 
When they can not enjoy the different services provided by 
different vendors serving those regions. As a result, users 
may have to carry several different purpose handsets to 
enable communication as they travel from one region to 
another. 

[0006] FIG. 1 illustrates a Wireless digital communication 
system 100 that embodies a conventional approach to imple 
ment a single communication standard. Signals are received 
by an antenna 102 and initially processed by a radio fre 
quency (RF) subsystem 104 and an intermediate frequency 
(IF) subsystem 106. RF subsystem 104 and IF subsystem 
106 implement Waveform processing of analog signals, 
including analog signal mixing, ?ltering, amplifying, and 
gain control. The analog signals processed by RF subsystem 
104 and IF subsystem 106 are then fed into an analog-to 
digital converter (A/D) subsystem 108 for conversion into 
an equivalent digital signal representation. 

[0007] In general, the digital signals output by AD sub 
system 108 are processed by a dedicated logic device 110 for 
?xed standard-speci?c and channel-speci?c functions such 
as modem, digital ?ltering and other dedicated signal pro 
cessing. The output from the dedicated logic device 110 is 
placed on a bus 112. Signals from bus 112 are routed to a 
programmable logic device 114, digital signal processor 
(DSP) 116, and a microprocessor 118. By controlling the 
doWnload of functionality into programmable logic device 
114 and managing the data How input and output of pro 
grammable logic device 114 neW speci?c functions can be 
performed. 
[0008] For loWer processing rate applications, DSP 116 
can be used to implement the functions of digital signaling 
processing. For higher processing rate applications, the 
programmable logic device 114 can be used to provide a 
hardWired solution to implement high bandWidth functions 
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of digital signaling processing. Microprocessor 118 is a 
general-purpose microprocessor and is used to implement 
control functions. A softWare part 120 of FIG. 1 shoWs a 
control architecture of a conventional single-standard com 
munication device. An operating system (OS) 122 plays the 
role of process management, and in general runs on micro 
processor 118. An application 124 Which executes a set of 
hardWare/softWare functions is run under OS 122. If appli 
cation 124 needs computational resources, at least one of 
programmable logic device 114, DSP 116, and micropro 
cessor 118 is used to perform signal processing and create a 
data How and control ?oW. By combining these resources, 
the application can run on the hardWare platform and 
achieve a required performance. 

[0009] FIG. 2 illustrates a Wireless digital communication 
system 200 that is implemented in accordance With a con 
ventional approach for implementing multiple communica 
tion standards. System 200 is con?gured similarly to system 
100 except that it includes a dedicated logic device bank 202 
to support different standard-speci?c, channel-speci?c, 
modem-speci?c and other signal processing functions. Sig 
nals are received by antenna 102 and initially processed by 
RF subsystem 104, IF subsystem 106, and A/D subsystem 
108 for conversion to an equivalent digital signal represen 
tation. Logic device bank 202 receives the digital signals 
output by A/D subsystem 108. The output from logic device 
bank 202 is placed on bus 112 and routed to programmable 
logic device 114, DSP 116, or microprocessor 118. Typically 
dedicated logic device bank 202 is optimiZed to suit different 
Wireless digital communication standards. Therefore, the 
conventional approach depicted in FIG. 2 to accommodate 
multiple standards has essentially combined disparate hard 
Ware and softWare resources separately optimiZed for each 
standard of interest. This platform results in poor ef?ciency 
in terms of siZe, cost and poWer consumption. 

[0010] FIG. 3 illustrates a control architecture 300 for a 
conventional multiple standard communication equipment. 
OS 122 plays the role of process management, and in 
general runs on microprocessor 118. Thus each application 
124 Which executes a set of hardWare/softWare functions is 
running under OS 122. The resource requirements for dif 
ferent standards, applications, and services are different. 
Since each application needs computational resources, either 
programmable logic device 114, DSP 116, or microproces 
sor 118 is provided to take care of signal processing and to 
create a data How and control ?oW. Different products and 
services decide the required resources and combine them. 
After suitable combination, each application can run on the 
hardWare platform and achieve the required performance. 
This architecture results in poor ef?ciency in terms of siZe, 
cost and poWer consumption. 

[0011] FIG. 4 illustrates a relationship betWeen ef?ciency 
and ?exibility for different hardWare devices. From the 
vieWpoint of ef?ciency, a ?xed-hardWare resource such as an 
application-speci?c integrated circuit (ASIC) is highly ef? 
cient due to its design for a dedicated function. In general, 
highly con?gurable and programmable logic devices such as 
a microprocessor or a digital signal processor are inef?cient 
With respect to both poWer and siZe. By analyZing the energy 
ef?ciency via MOPS/mW (million operations per milliWatt) 
among several computational units, there is an efficiency gap 
betWeen the ASIC and the DSP. 
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[0012] FIG. 5 illustrates a Wireless digital communication 
device 500, Which comprises a digital doWn-converter 
(DDC) 518, a digital up-converter (DUC) 519, a softWare 
programmable digital signal processor 502, a softWare 
programmable microprocessor 504, a heterogeneous re 
con?gurable multiprocessing logic circuit 506, and a bus 
508 connecting digital signal processor 502, microprocessor 
504, and multiprocessing logic circuit 506. Logic circuit 506 
comprises a set of heterogeneous signal processing kernels 
510, 512, and 514, and a re-con?gurable data router (not 
shoWn) interconnecting the heterogeneous signal processing 
kernels. The signal processing kernels and data routers are 
controlled by microprocessor 504 via control busses (not 
shoWn). 
[0013] The platform embodied in device 500 enables the 
same hardWare resources to be re-con?gured to provide 
more ?exible delivery of arithmetic and control operations 
by usage of multiprocessing logic circuit 506. This device is 
constructed in accordance With a set of softWare modules 
each combined With hardWare. Software kernels 510 are 
executable on multiprocessing logic circuit 506, softWare 
kernels 512 are executable on softWare-programmable digi 
tal signal processors 502, and softWare kernels 514 are 
executable on microprocessor 504. Executive code 516 
further facilitates the management of the data ?oW input and 
output of logic circuit 506 and controls the data ?oW and 
control ?oW of all computational resources. 

[0014] Device 500 is con?gured to support an ef?cient 
?xed-hardWare resource such as an ASIC and maintain 

?exibility so it can be re-con?gured into different hardWare. 
Logic circuit 506 may improve a trade-off betWeen ef? 
ciency and ?exibility for the purpose of multiple standards, 
applications and services. HoWever, in this architecture, the 
local characteristic of the data router and memory built on 
logic circuit 506 and the bus scheme constrains upgrade and 
extension. 

SUMMARY OF THE INVENTION 

[0015] The present invention is directed to architectures, 
devices, and methods that overcome the aforementioned 
problems and disadvantages formed in the conventional art. 

[0016] Additional advantages of the invention Will be set 
forth in part in the description Which folloWs, and in part Will 
be obvious from the description, or may be learned by 
practice of the invention. The advantages of the invention 
Will be realiZed and attained by means of the elements and 
combinations particularly pointed out in the appended 
claims. 

[0017] In accordance With the present invention there is 
provided an upgradeable and extendable Wireless commu 
nication system, comprising: a plurality of layers, each layer 
including: a plurality of con?gurable computational units 
capable of implementing operation of Wireless digital com 
munication functions; a plurality of data ?oW components 
for forming a paths and having means for storing data 
betWeen ones of said computational units; and a plurality of 
control ?oW components for forming a signaling-exchange 
netWork betWeen ones of said computational units. 

[0018] In accordance With the present invention there is 
provided a method of programming and con?guring the 
components of an upgradeable and extendable Wireless 
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communication system in order to implement multiple Wire 
less communication standards, services, and applications, 
comprising: identifying one of the application, standard or 
service to be implemented; compiling softWare associated 
With the identi?ed application, standard or service; deter 
mining the utiliZation of hardWare resources; and con?gur 
ing hardWare resources to meet the application, standard or 
service required. 

[0019] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary and explanatory only and are not restrictive of 
the invention, as claimed. 

[0020] The accompanying draWings, Which are incorpo 
rated in and constitute a part of this speci?cation, illustrate 
an embodiment of the invention and together With the 
description, serve to explain the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] For a better understanding of the invention, refer 
ence should be made to the folloWing detailed description 
taken in conjunction With the accompanying draWings, in 
Which: 

[0022] FIG. 1 illustrates a conventional Wireless digital 
communication system. 

[0023] FIG. 2 illustrates a conventional multi-mode Wire 
less digital communication system. 

[0024] FIG. 3 illustrates conventional resource manage 
ment of a multi-mode Wireless digital communication sys 
tem. 

[0025] FIG. 4 is a graphical illustration of ?exibility and 
ef?ciency among different hardWare. 

[0026] FIG. 5 illustrates conventional hardWare architec 
ture and resource management in a re-con?gurable Wireless 
digital communication system consistent With the principles 
of the present invention. 

[0027] FIG. 6 illustrates a block diagram representation of 
one layer of a kernel-oriented macro based softWare de?ned 
radio multi-layered architecture for a Wireless digital com 
munication system in accordance in an embodiment consis 
tent With the principles of the present invention. 

[0028] FIG. 7 illustrates architecture of a kernel-oriented 
macro based softWare de?ned radio multi-layered architec 
ture for a Wireless digital communication system in accor 
dance With an embodiment consistent With the principles of 
the present invention. 

[0029] FIG. 8 illustrates an execution procedure practiced 
in a hardWare con?guration for an application program in 
accordance With an embodiment consistent With the prin 
ciples of the present invention. 

[0030] FIG. 9 illustrates a hierarchical structure of a 
re-con?gurable and re-programmable hardWare frameWork 
of a Wireless digital communication system in accordance 
With an embodiment consistent With the principles of the 
present invention. 

[0031] FIG. 10 illustrates a hierarchical scheme of a 
kernel-oriented macro based softWare de?ned radio multi 
layered architecture for a Wireless digital communication 
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system in accordance With an embodiment consistent With 
the principles of the present invention. 

[0032] FIG. 11 is a ?oW chart illustrating an execution 
procedure of dynamic hardWare con?guration in accordance 
With an embodiment consistent With the principles of the 
present invention. 

[0033] FIG. 12 illustrates a macro-based architecture for 
recon?guration of con?gurable kernels in accordance With 
an embodiment consistent With the principles of the present 
invention. 

[0034] FIG. 13 illustrates a kernel-oriented macro-based 
softWare de?ned radio multi-layered architecture for a Wire 
less digital communication system in accordance With an 
embodiment consistent With the principles of the present 
invention. 

DESCRIPTION OF EMBODIMENTS 

[0035] Reference Will noW be made in detail to the 
embodiments of the invention, Wherever possible, the same 
reference numbers Will be used throughout the draWings to 
refer to the same or like parts. 

[0036] In accordance With the principles of the present 
invention, as embodied and broadly described herein, there 
is provided a kernel-oriented macro-based (SDR) multi 
layered architecture for Wireless digital communication sys 
tems capable of re-con?guring and re-programming its 
components to implement multiple Wireless communication 
standards, services and applications. 

[0037] Embodiments consistent With the principles of the 
present invention include reprogramming and recon?guring 
components to implement multiple Wireless communication 
standards, services and applications. A kernel-oriented 
macro-based softWare de?ned radio SDR architecture is 
provided to improve the trade-off betWeen ef?ciency and 
?exibility While accommodating multiple standards, appli 
cations, and services. In order to provide ?exibility in SDR 
platform over the applications of a base-station, a Field 
Programmable Gate Array (FPGA) is used to supply enough 
?exibility to re-con?gure hardWare for a usage of interest. 
Moreover, in order to increase ef?ciency of the FPGA, 
architecture consistent With the principles of the present 
invention uses optimiZed macros provided by FPGA ven 
dors to improve the utility of the FPGA. Additional glue 
logic coupled With optimiZed macros are provided to build 
up data paths to support different standards, applications and 
services. 

[0038] Architecture and methods consistent With the prin 
ciples of the present invention support a layer-memory 
structure, a layer-router structure, and a layer-bus structure 
to construct an interconnection netWork to satisfy one char 
acteristic of Wireless digital communication systems, the 
locality betWeen computational resources. MeanWhile, a 
hierarchical interconnection netWork supports increased uti 
liZation of the communication channel among computa 
tional resources. Akernel-oriented macro-based SDR multi 
layered architecture consistent With the present invention 
also includes a performance feedback-decision resource 
management mechanism to adjust system performance 
toWard a goal of incremental optimiZation. 

[0039] FIG. 6, illustrates one layer of a kernel-oriented 
macro-based SDR multi-layered architecture 600 consistent 
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With the principles of the present invention. An RF front-end 
602 includes an antenna 604, an RF module 606, a digital 
up-converter or A/D converter 608, and a digital-doWn 
converter or D/A converter 610. In practice, the components 
of RF front-end 602 can be varied according to different 
band and frequency requirements. Different combinations 
may in?uence performance. Different Wireless digital com 
munication standards, applications and services change the 
requirements of RF front-end 602 and its performance may 
vary accordingly. Architecture 600 can use pre-designed and 
pre-tested RF front-end kernels to implement the functions 
of RF front-end 602. 

[0040] Base-band functions are implemented by combin 
ing re-con?guration kernels and re-programmable kernels. 
An FPGA pool 612 and a DSP pool 614 each include 
hardWare components Which can be selected to support 
different applications and services. Suf?cient hardWare com 
ponents are chosen from FPGA pool 612 and DSP pool 614 
for each application. Thus each application or service is 
selected to support con?gurable hardWare resources and 
programmable digital signal processors, Where re-con?gu 
ration kernels operate on FPGAs and re-programmable 
kernels operate on DSPs. The kernels included in the FPGA 
pool 612 and the DSP pool 614 of FIG. 6 are subtasks of the 
application performed in these devices. Each application 
may be broken doWn into a series of subtasks that are 
performed to create the application. 

[0041] A re-con?gurable kernel 616 of FPGA pool 612 is 
illustrated in greater detail and includes processing elements 
(PE) 618, a layer 1 (L1) memory 620 and sWitching matrixes 
622. Each PE 618 is a fundamental logic element used to 
construct a desired hardWare function. In architecture 600, 
each PE 618 is de?ned as a macro provided by an FPGA 
vendor. Such macros as may be available from FPGA 
vendors may include functions such as accumulator, multi 
plier, correlator, or FIR ?lter, according to different FPGA 
architectures. Macros are reusable and can be modi?ed for 
different usage, changing parameters and reloading. Re 
con?gurable kernel 616 serves to con?gure different hard 
Ware for dedicated functions to substitute for an ASIC for 
different Wireless digital communication standards, applica 
tions and services. 

[0042] L1 memory 620 can be provided as a fast multi 
port memory for passing and steering tokens betWeen PEs 
618, and used With sWitching matrixes 622 to regulate data 
busing and signaling betWeen PEs 618. Re-con?gurable 
kernel 616 can be con?gured for some functions by inter 
connecting PEs 618 and using glue logic (i.e., connecting 
devices With dissimilar bus architecture) to implement the 
required hardWare functions. Are-programmable kernel 624 
is a softWare task executed on a DSP that can be used to 
implement loW bandWidth functions of digital signal pro 
cessing such as automatic frequency control, channel esti 
mation, and CODEC. By implementing a neW set of RF 
front-end kernels, and re-con?guring the re-con?gurable 
kernels and reprogramming the re-programmable kernels, a 
neW base-band function can be achieved, and hence a neW 
Wireless digital communication standard, application or ser 
vice can be implemented. 

[0043] An interconnection netWork 630 responds to the 
tasks of information exchange, con?guration and signaling. 
It is implemented by combining a layer-memory structure, a 
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layer-routing structure, and a layer-bus structure. The layer 
memory structure passes and steers tokens betWeen kernels, 
the layer-routing structure interconnects data and control 
ports betWeen kernels and the layer-bus structure handles 
signaling betWeen kernels. For the purpose of extending 
capability, a global router and a global bus are used to 
operate the interconnection and signaling betWeen unde?ned 
layers. A hardWare manager 632 monitors and controls 
utiliZation of local routing resources to achieve incremental 
optimiZation of routing. The interconnection netWork 
enables one layer of kernel oriented macro-based SDR 
multi-layered architecture 600 to communicate With other 
layers of the multi-layered kernel oriented macro-based 
architecture. 

[0044] FIG. 7 illustrates in block diagram form a hard 
Ware con?guration 700 for implementing multiple layers of 
kernel oriented macro-based SDR multi-layered architecture 
600. HardWare con?guration 700 adapts FPGAs and DSPs 
as con?gurable and programmable components to achieve 
?exibility, and uses the optimiZed macros provided by FPGA 
vendors to gain ef?ciency. Multiple layers 702 are composed 
to form a required platform, and layers are added or deleted 
according to the complexity of the standard being imple 
mented, to form an entire Wireless digital communication 
system. The extendibility of the multi-layered architecture in 
hardWare con?guration 700 enables hardWare con?guration 
700 to implement one or more present digital Wireless 
communication standards simultaneously and to accommo 
date future digital Wireless communication standards. 

[0045] A host 704 functions to manage resources betWeen 
layers. Above all of the layers, a performance controller 706 
is provided to monitor the status of global router 724 via a 
data port 708 and a control port 710. A layer 4 L4 memory 
712 stores con?guration data and parameters. Host 704 uses 
a bridge 714 and a global bus 715 to control the components 
of layers 702. Abridge 714 is used to support an access port 
to monitor and control the components of layers. The 
memory resources, router resources and bus resources are 
managed in a hierarchical sense. 

[0046] There are four levels of hierarchy of memory in the 
memory resources, that form a layer-memory structure, 
including a layer 1 (L1) memory 716, layer 2 (L2) memories 
718 and 719, a layer 3 (L3) memory 720, and layer 4 (L4) 
memory 712. L1 memory 716 serves as a cache-like storage 
that renders fast data exchange betWeen PEs. L2 memory 
718 associated With re-con?gurable kernel 612 supports a 
data structure for token passing and steering betWeen re 
con?gurable kernels. L2 memory 719 associated With re 
programmable kernel 614 supports executable codes of the 
digital signal processing tasks of each re-programmable 
kernel, as Well as a data structure for information sharing 
betWeen re-programmable kernels. L3 memory 720 serves 
as the main memory of the layer and is used to store 
con?guration data and executable tasks executed on a hard 
Ware manager. L4 memory 712 stores the con?guration data 
and the executable codes executed on host 704. 

[0047] The router resources of con?guration 700 have a 
layer-router structure that includes a local router 722 and 
global router 724. Local router 722 interconnects I/O pins 
among kernels. The U0 of each kernel is gathered and 
partitioned into tWo ports, either data port 708 or control port 
710. Data port 708 can be designed to be a variable-length 
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structure through the control of control port 710, only 
modifying the length parameters of data port 708 and control 
port 710 so that different lengths of kernel I/O can be 
interconnected smoothly. Global router 724 interconnects 
I/ O pins among layers. The I/ O of each layer can be gathered 
and partitioned into tWo ports, variable-length data port 708 
and variable-length control port 710. The hardWare manager 
monitors and controls utiliZation of local routing resources 
to achieve incremental optimiZation of routing. 

[0048] Re-con?gurable kernel 612 (FIG. 6) is a high 
bandWidth-intensive function implemented by different con 
?gurable devices, especially FPGAs provided by different 
complex programmable logic device (CPLD) vendors like 
Altera Corp. of San Jose, Calif. or Xilinx, Inc. of San Jose, 
Calif. Re-con?gurable kernel 612 is a functional hardWare 
module that implements digital logic With timing-critical or 
high bandWidth requirements. Because CPLD vendors often 
supply macros that are optimiZed in area-sense and timing 
sense due to the understanding of their con?gurable device 
architecture, macros are vieWed as basic hardWare elements 
and combined to build parameteriZed speci?c hardWare 
functions such as a digital pulse shaping function, spreading/ 
de-spreading function or digital modem. A suitable re 
con?gurable kernel is selected and combined by macros 
from the re-con?gurable kernel library to build required 
hardWare and utiliZe the FPGA. 

[0049] Re-programmable kernel 614 is a loW-bandWidth 
intensive function implemented by different digital signal 
processors provided by different DSP vendors, such as Texas 
Instruments, Inc. of Dallas, Tex., Applied Dynamics Inter 
national, Inc. of Ann Arbor, Mich. and Motorola, Inc. of 
Arlington Heights, Ill. Re-programmable kernel 614 is a 
functional softWare task that implements a loW bandWidth 
digital signal processing function that is suitable for a digital 
signal processor. HardWare manager 632 provides a pool of 
application program interface (API) drivers running on a 
microprocessor that perform data How scheduling, resource 
management, and hardWare con?guration. MeanWhile, per 
formance counter 726 monitors the current status of the 
radio link and cooperates With hardWare manager 632 to 
implement the performance feedback-decision resource 
management mechanism in order to optimiZe the perfor 
mance of the system. A local bus 728 is used to connect 
components Within the layer in Which it is located, i.e., the 
local layer. Local bus 728 transports data betWeen the 
components in the local layer. 

[0050] HardWare con?guration 700 embodies the multiple 
layers 702 that include a layer memory structure comprising 
L1 memory 620, L2 memory 718 or 719, and L3 memory 
720, a layer router structure comprising local router 722 and 
a layer bus structure comprising local bus 729. The layer 
memory structure, layer router structure and layer bus struc 
ture also include L4 memory 712, a global router 724 and a 
global bus 715, respectively. By the use of the hardWare 
con?guration 700, different kernels from four categories of 
kernel libraries can route to each other and exchange infor 
mation by a token structure implemented in the layer 
memory structure. RF front-end Waveform kernels are com 
bined to realiZe RF front-end subsystem 602 having an 
output gathered on data port 708 and control port 710. 
Signals from data port 708 and control port 710 are routed 
to re-con?gurable kernels and re-programmable kernels via 
local routers 722, or global router 724. 
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[0051] Data port 708 and control port 710 also handle 
control and signaling between the layer-router structure and 
the layer-bus structure. This architecture exploits the com 
bination of con?gurable hardWare kernels and program 
mable softWare kernels and through multi-layered architec 
ture enables implementation of one or more present digital 
Wireless communication standards simultaneously and the 
ability to accommodate future digital Wireless communica 
tion standards. The kernel performs the computation-inten 
sive signal processing functions that can be performed by 
either FPGA or DSP code, including cooperation betWeen 
the FPGA and the DSP. Depending on Which standard or 
service is to be implemented, adequate kernels are chosen 
from different kernel libraries to ?t the standard or service 
speci?cation of interest. The con?guration data for re 
con?gurable kernels and the executable codes executed on 
re-programmable kernels are loaded and stored into L3 
memory 720. After con?guring individual re-con?gurable 
kernels and individual re-programmable kernels, the sepa 
rate heterogeneous functions are integrated by interconnec 
tion and token steering via the hardWare con?guration 700. 

[0052] Interconnection and data sharing medium system 
630 (FIG. 6), including the layer-memory structure, the 
layer-router structure, and the layer-bus structure, is used to 
link RF front-end Waveform kernels, re-con?gurable ker 
nels, re-programmable kernels and hardWare managers. Ker 
nels are chosen from different kernel libraries, and each 
kernel is controlled by the corresponding softWare tasks. By 
choosing adequate kernels from kernel libraries, the func 
tions of hardWare frameWork can easily sWitch from one 
Wireless digital communication system to another. 

[0053] FIG. 8 illustrates an execution procedure 800 
practiced in a hardWare con?guration for an application 
program. A dynamic library 802 includes radio function 
signal processing modules, real-time control modules and 
hardWare interface modules. Library 802 has linking infor 
mation to the real functions at run time. This technology is 
similar to a dynamic linking library Which has been used in 
operating systems. An application program 804, such as a 
Wideband code-division multiple access (WCDMA) or Wire 
less local area netWork (WLAN), can be compiled into an 
executable ?le 806 by a compiler 808. The loading of 
dynamic library 802 entails a recon?guration manager 810 
doWnloading a neW library from a netWork or loading the 
library from a storage device to hardWare devices. Required 
resource parameters 812 generated by executable ?le 806 
are sent to recon?guration manager 810 to generate an 
application API pro?le 814 for that speci?c application. 
MeanWhile, executable ?le 806 at run time, including link 
ing information to hardWare-related programs such as DSP 
codes and HDL codes, of a speci?c air-interface application, 
is generated from the compiled application program and the 
radio functions linked from library 802. 

[0054] API pro?le 814 can then be transferred to either an 
OS 816 or a hardWare manager 632 that corresponds to 
hardWare manager 632 shoWn in FIGS. 6 and 7. HardWare 
manager 632 interprets and maps betWeen a softWare frame 
Work and a hardWare frameWork according to the current 
status of the radio environment and resource utiliZation. 
HardWare manager 632 maintains a radio resource utiliZa 
tion driver 822, an environment discover driver 824, a 
hardWare con?gure driver 826, and a doWnload driver 828. 
Radio resource utiliZation driver 822 is used to record and 
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maintain utiliZation tables among hardWare resources. Envi 
ronment discover driver 824 is used to monitor and record 
a current radio environment. According to the status of 
hardWare resource utiliZation information provided by radio 
resource utiliZation driver 822, by a maintained hardWare 
abstraction layer 830 mapping, a one-to-one path 
from a HAL API 832 to a HAL driver 834 is pre-de?ned. A 
HAL is a layer of programming that alloWs an operating 
system to interact With a hardWare device at a general or 
abstract layer rather than a detailed hardWare level. Hard 
Ware con?gure driver 826 performs mapping betWeen API 
pro?le 814 and available supporting drivers 834, and hard 
Ware doWnload driver 828 doWnloads executable ?le 806 
into selected supporting drivers 834. After the above pro 
cedures are performed by con?gure driver 826 and doWn 
load driver 828, different classes of HAL drivers like ADC 
driver, DAC driver, and modem driver, are doWnloaded into 
speci?ed hardWare devices such as an ampli?er 836, an 
FPGA 838, and a DSP 840 of each layer of the multi-layered 
architecture such that it is possible to implement one or more 
present digital Wireless communication standards simulta 
neously and the ability to accommodate future digital Wire 
less communication standards. 

[0055] Mapping betWeen functions and kernels varies 
When different Wireless digital communication applications 
are required. Criteria needed for the standard-driven archi 
tecture disclosed herein is dependent on parameters, includ 
ing throughput, latency, I/O pin count, area, memory 
requirements, performance requirements and poWer con 
sumption. According to radio environment and maintained 
resource utiliZation tables, hardWare manager 632 can coor 
dinate available resources to ?t optimally into the requested 
services With recorded status. Thus, the same hardWare 
platform can be reused via execution procedure 800 of 
re-con?guring and reprogramming speci?ed hardWare 
resources. After selecting suitable kernels according to the 
current radio environment and resource utiliZation tables, a 
corresponding data structure for token exchange is deter 
mined for a neW data How and control ?oW. 

[0056] FIG. 9 illustrates a hierarchical structure 900 of the 
kernel-oriented macro-based SDR multi-layered architec 
ture. In FIG. 9, the kernel may be RF front-end Waveform 
kernel 602, re-con?gurable kernel 612, or re-programmable 
kernel 614. The netWork of data How betWeen kernels is 
mainly formed by local router 722 and L2 memory 718 or 
719 via data port 708 and control port 710, and the netWork 
of signaling ?oW betWeen kernels is mainly formed by local 
bus 728 via data port 708 and control port 710. That is, each 
layer has a layer-resource scheme to be re-con?gured and 
reprogrammed to satisfy a neW requirement according to a 
neW Wireless digital communication standard or service. The 
layer-resource scheme of each layer mainly includes the 
layer-memory structure, including L1 memory 620, L2 
memory 718 or 719, and L3 memory 720, local router 722 
of the layer-router structure and local bus 729 of the layer 
bus structure. With reference also to FIG. 6, L1 memory 620 
resides in re-con?gurable kernel 612 and is used to build up 
a fast communication channel betWeen processing elements 
(PE) 618. The group aggregated by re-con?gurable kernels 
should need one L2 memory 718 to form the communication 
channel betWeen re-con?gurable kernels 612. Also, the 
group aggregated by re-programmable kernels should need 
one L2 memory 719 to form the communication channel 
betWeen re-programmable kernels 614. L3 memory 720 
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serves as the main memory of the layer and stores the 
con?guration data and the executable codes for hardware 
manager 632 to execute software tasks to implement 
resource management. 

[0057] FIG. 10 is a three-dimensional diagram shoWing 
the hierarchical layer structure of resource management of 
the kernel-oriented macro-based SDR multi-layered archi 
tecture. The architecture classi?es resources into three cat 
egories, including computational units, data ?oW, and con 
trol ?oW. The computational units comprise RF front-end 
Waveform kernels 602, re-con?gurable kernels 612, and 
re-programmable kernels 614. They are used to implement 
the operations of Wireless digital communication functions 
including Waveform processing and digital signal process 
mg. 

[0058] The data How is de?ned by the path and storage 
needed to form data-exchange netWork betWeen computa 
tional units, and mainly comprises layer-memory structure 
and layer-router structure. The control How is de?ned by the 
path and storage needed to form the signaling-exchange 
netWork betWeen computational units, and mainly comprises 
layer-memory structure and layer-bus structure. Each kernel 
shoWn in FIG. 10 may be RF front-end Waveform kernel 
602, re-con?gurable kernel 612, or re-programmable kernel 
614. Kernels are aggregated to build functional blocks in 
order to implement one or more present digital Wireless 
communication standards simultaneously and the ability to 
accommodate future digital Wireless communication stan 
dards. 

[0059] When a neW standard, application, or service is 
encountered, the corresponding parameters and resources 
should be chosen and organiZed to ?t the request. The 
parameters comprise throughput, latency, I/O pin count, 
area, memory requirements, performance requirements, 
poWer consumption, and resources including hardWare 
resources and softWare resources. The hardWare resources 
supported by this architecture are RF front-end Waveform 
kernel 602, re-con?gurable kernel 612, re-programmable 
kernel 614, layer-memory structure, layer-router structure 
and layer-bus structure that supply the hardWare require 
ments to form an event-driven hardWare platform. HoWever, 
the executable softWare resources of hardWare manager 632 
are used to handle observable and controllable functions of 
Wireless digital communication. Re-con?gurable kernels 
612 and re-programmable kernels 614 are designed With a 
parameter-based structure that is optimiZed for some speci?c 
algorithms, including con?guration data loaded into the 
FPGA and the DSP. In order to separate data How and 
control How to increase operation speed betWeen kernels, an 
out-of-band technique is provided. Data usually varies rap 
idly but control signaling often changes only for a short 
period. This architecture uses the out-of-band technique to 
harmoniZe different rates betWeen data How and control How 
With cooperating layered-router structure, layer-bus struc 
ture, variable length data port 708 and variable length 
control port 710. 

[0060] Moreover, the performance feedback-decision 
resource management mechanism monitors and analyZes 
some key parameters via performance counter 726 to deter 
mine Whether the utiliZation of resources should be changed 
to approach the goal of incremental optimiZation. An execu 
tion procedure of dynamic hardWare con?guration 1100 is 
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shoWn in FIG. 11. Performance is monitored via perfor 
mance counter 726 on a stage of performance measurement 

(1102), and results of the measuring are compiled in a status 
report (1104) to be stored on L3 memory 720. A radio 
management information base (RMIB) 1106 is a database of 
radio link related performance parameters like signal-to 
noise ratio (SNR), and channel impulse response (CIR). The 
measured result record on status report (1104) is compared 
With corresponding parameters record stored in RMIB 1106. 
If the compared result is larger than a pre-de?ned threshold 
(1108), an interrupt is invoked to inform hardWare manager 
1110. OtherWise the status changing degree has not 
exceeded the threshold, and performance continues. 

[0061] According to the triggered interrupt, hardWare 
manager 632 informs the SDR general manager (1112), and 
SDR general manager (1112) obtains detailed status infor 
mation from the status report (1114). By analyZing the 
detailed status information and choosing suitable algorithms 
to generate a neW con?guration scheme, SDR general man 
ager (1112) instructs recon?guration manager 810 to change 
the current con?guration scheme (1116). In response, recon 
?guration manager 810 generates a modi?ed algorithm 
pro?le (1118). Recon?guration manager 810 also informs 
hardWare manager 632 that there is a neW con?guration 
scheme to be handled 1120. A radio resource utiliZation 
information base (RRUIB) 1122 is a database that records in 
tables the utiliZation of all hardWare resources maintained by 
hardWare manager 632. These hardWare resources utiliZa 
tion tables are maintained by radio resource utilization 
control driver 822 of hardWare manager 632. After a neW 
algorithm pro?le is received, hardWare manager 632 checks 
Whether there are suf?cient hardWare resources to imple 
ment the neW algorithm (1124) according to the maintained 
resources utiliZation record read from RRUIB 1122. If the 
available resources can not handle the neW algorithm pro?le, 
hardWare manager 632 Will issue a status report to inform 
the SDR general manager that hardWare resources are insuf 
?cient to support the desired algorithm to improve perfor 
mance. 

[0062] If the available resources maintained by hardWare 
manager 632 are suf?cient to implement the neW algorithm 
pro?le, hardWare manager 632 starts the operation of kernel 
synthesis (1126). Kernel synthesis is a real-time procedure 
in Which optimiZed hardWare macros and softWare tasks are 
chosen to implement the desired algorithm. There are tWo 
libraries to provide the required optimiZed hardWare macros 
and softWare tasks. One is a macro-based library (1128) 
Which supports different classes of optimiZed hardWare 
macros provided by different con?gurable devices, available 
from CPLD vendors such as ALTERA, Xilinx, and Lucent. 
The other library is a subroutine based library (1130) Which 
supports many different classes of optimiZed softWare sub 
routines provided by different programmable devices, avail 
able from DSP vendors like such as TI, Motorola, and ADI. 
After choosing suitable optimiZed macros from macro-based 
library (1128) and softWare tasks from subroutine based 
library (1130), the neW algorithm can be synthesiZed. Con 
?gure driver 826 of hardWare manager 632 noW performs 
mapping to the supporting driver (1132). Moreover, doWn 
load driver 828 of hardWare manager 632 is invoked to 
recon?gure and reprogram the corresponding targeted con 
?gurable kernels and programmable kernels (1134). 






